An ex-ante impact assessment of livestock agri-food systems research proposed under a CGIAR Research Program on Livestock by McLeod, R.
CGIAR is a global agricultural research partnership for a food-secure future. Its research is 
carried out by 15 research centres in collaboration with hundreds of partner organizations. 
cgiar.org
 
The International Livestock Research Institute (ILRI) works to improve food security and reduce 
poverty in developing countries through research for better and more sustainable use of livestock. 
ILRI is a CGIAR research centre. It works through a network of regional and country offices and 
projects in East, South and Southeast Asia, Central, East, Southern and West Africa, 
and in Central America. ilri.org
 
 
 
ISBN 92–9146–493-7 IL
R
I R
E
S
E
A
R
C
H
 R
E
P
O
R
T
42
An ex-ante impact assessment
of livestock agri-food systems
research proposed under the CGIAR
Research Program on Livestock
iAn ex-ante impact assessment of livestock agri-food systems research proposed under a CGIAR Research Program on Livestock
An ex-ante impact assessment of livestock agri-food systems 
research proposed under a CGIAR Research Program on 
Livestock
Ross McLeod
ESYS Development Pty Limited, Australia
 
July 2016
ii An ex-ante impact assessment of livestock agri-food systems research proposed under a CGIAR Research Program on Livestock
 
© 2016 International Livestock Research Institute (ILRI) 
ILRI thanks all donors and organizations who globally supported its work through their contributions to the CGIAR system
This publication is copyrighted by the International Livestock Research Institute (ILRI). It is licensed for use under the Creative 
Commons Attribution 4.0 International Licence. To view this licence, visit https://creativecommons.org/licenses/by/4.0. 
Unless otherwise noted, you are free to share (copy and redistribute the material in any medium or format), adapt (remix, transform, and build 
upon the material) for any purpose, even commercially, under the following conditions:
ATTRIBUTION. The work must be attributed, but not in any way that suggests endorsement by ILRI or the author(s).
NOTICE:
For any reuse or distribution, the licence terms of this work must be made clear to others. 
Any of the above conditions can be waived if permission is obtained from the copyright holder. 
Nothing in this licence impairs or restricts the author’s moral rights. 
Fair dealing and other rights are in no way affected by the above. 
The parts used must not misrepresent the meaning of the publication.  
ILRI would appreciate being sent a copy of any materials in which text, photos etc. have been used.
Editing, design and layout—ILRI Editorial and Publishing Services, Addis Ababa, Ethiopia.
Cover photo—ILRI
ISBN: 92–9146–493-7
Citation: McLeod, R. 2016. An ex-ante impact assessment of livestock agri-food systems research proposed under a CGIAR Research Program on Livestock. ILRI 
Research Report 42. Nairobi, Kenya: International Livestock Research Institute (ILRI).
Patron: Professor Peter C Doherty AC, FAA, FRS 
Animal scientist, Nobel Prize Laureate for Physiology or Medicine–1996
Box 30709, Nairobi 00100 Kenya 
Phone  +254 20 422 3000 
Fax      +254 20 422 3001 
Email ilri-kenya@cgiar.org
ilri.org 
better lives through livestock 
 
ILRI is a CGIAR research centre
Box 5689, Addis Ababa, Ethiopia 
Phone +251 11 617 2000 
Fax +251 11 667 6923 
Email ilri-ethiopia@cgiar.org 
ILRI has offices in East Africa • South Asia • Southeast and East Asia • Southern Africa • West Africa
iiiAn ex-ante impact assessment of livestock agri-food systems research proposed under a CGIAR Research Program on Livestock
Contents
Acronym  v
Foreword vi
Executive summary vii
Overview 1
Methods 2
     Ranking criteria 2
     Research streams 3
     Economic analysis assumptions 8
Results 15
     Composite index 15
     Economic payoff 16
     Poverty impact 18
     Environment 19
     Capacity development 20
     Inclusiveness 22
     Internationality 23
Sensitivity analysis 24
Conclusions and future research 27
References 28
Annex A: Scoring and ranking of streams 29
Annex B: Parameters used in the economic evaluation  34
iv An ex-ante impact assessment of livestock agri-food systems research proposed under a CGIAR Research Program on Livestock
Tables
Table 1: Animal Genetics flagship research streams 4
Table 2: Animal Health flagship research streams 5
Table 3: Feeds and Forages flagship research streams 6
Table 4: Livestock and the Environment flagship research streams 7
Table 5: Livestock Livelihoods and Agri-food Systems flagship outcomes and quantified benefits 8
Table 6: Research streams economic analysis assumptions 10
vAn ex-ante impact assessment of livestock agri-food systems research proposed under a CGIAR Research Program on Livestock
Figures
Figure 1: Composite index for 21 research streams 15
Figure 2: Economic return and risk for 21 research streams 16
Figure 3: Poverty indices for 21 research streams 18
Figure 4: Environmental scores for 21 research streams 19
Figure 5: Capacity development scores for 21 research streams 21
Figure 6: Inclusiveness scores for 21 research streams 22
Figure 7: Internationality scores for 21 research streams 23
Figure 8: Sensitivity of composite index ranking to key assumptions (1 highest, 21 lowest) 24
Figure 9: Mean benefit–cost ratio and range (95% CI) 25
vi An ex-ante impact assessment of livestock agri-food systems research proposed under a CGIAR Research Program on Livestock
Acronyms
AnGR   Animal genetic resources
CBPP   Contagious bovine pleuropneumonia
CCPP   Contagious caprine pleuropneumonia
CRP    CGIAR Research Program
ECF   East Coast fever
FAO   Food and Agriculture Organization
GHG   Greenhouse gas
IDO   Intermediate Development Outcome
IPG   International public good
ISPC   Independent Science and Partnership Council of the CGIAR
NIRS   Near infrared spectroscopy
PPR   Peste des petits ruminants
SLO   System-Level Outcome
SRF   Strategy and Results Framework of the CGIAR
viiAn ex-ante impact assessment of livestock agri-food systems research proposed under a CGIAR Research Program on Livestock
Foreword
This rapid ex-ante impact assessment of the various streams of research proposed under the proposed CGIAR 
Research Program on Livestock Agri-food Systems was commissioned as an input during the 2016 proposal 
development process. It uses and updates methods from a research prioritization exercise carried out by ILRI in 1999 
(Thornton et al. 2000).
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Executive summary
The proposed Livestock Agri-food Systems CRP is quantitatively evaluated using the priority setting framework 
developed to assess the comparative advantage, new opportunities and expected impact of ILRI research in 1999 
(Thornton et al. 2000; Randolph et al. 2001). It combines scoring methods and economic surplus benefit–cost 
approaches—in a composite weighted index. Criteria include expected economic impact, contribution to poverty 
alleviation, environmental impact, internationality of the problem and contribution to capacity building. Inclusiveness 
related to youth and gender is included as a criterion in this update to reflect its importance in the CGIAR Strategic 
Results Framework 2016–2030. A total of 21 research streams are identified across the five flagships of the proposed 
CRP. Many research streams cut across flagship clusters, typically establishing proof-of-concept, piloting and scale-up 
of new products and practices. They are ranked using the composite index.
Results of the impact assessment show that each of the flagships have at least one highly ranked stream. There is 
considerable variability in the relative contribution of each criterion to the composite index. High benefit–cost ratios 
which are provided in Figure 9 are estimated for improved poultry and pig genetics, integrated herd health, enhancing 
existing vaccines, cultivar development, on-farm optimization and market linkages streams. The environmental cluster 
was ranked highly for environmental impacts on GHG emissions, water use and soil resources, whereas capacity 
development impacts were perceived to be most pronounced in optimization and markets and policies. Inclusiveness 
was scored highly in the gender stream, along with environmental and policy and optimization streams.
Probabilities of success are of particular importance in economic return calculations. They were estimated for 
each research stream using the benchmarks of the 1999 impact study and varied from a low probability of 17% to 
a high chance of success of 50%. Streams such as nutrition, novel vaccines and the mitigation of greenhouse gases 
are deemed to be higher risk streams, whereas markets and policies, and development of an integrated herd health 
package are low to medium risk. Sensitivity analysis was undertaken using Monte Carlo simulation and a range 
of scenarios to investigate the robustness of economic returns, and found streams ranked in the top third of the 
portfolio sustained high economic pay-off across the range high–low ranges included using triangular parameter 
distributions.
This risk appears to be well addressed in the proposed CRP. Higher and lower risk investments have been balanced to 
achieve a sound forecast economic return (e.g. benefit–cost ratio) as an overall portfolio benefit–cost ratio of 10.6:1 is 
calculated. This compares relatively well with reviews of the economic impacts of CGIAR research. Raitzer and Kelley 
(2008), for example, found a benefit–cost ratio range of 9–17 for sound project economic evaluations. Each flagship of 
the proposed CRP has a stream which was ranked in the top third of all ranked streams in this impact assessment. No 
flagship seems to score dramatically less than others, which suggests a sound thematic balance.
1An ex-ante impact assessment of livestock agri-food systems research proposed under a CGIAR Research Program on Livestock
Overview
The second comprehensive Strategy and Results Framework of the CGIAR (SRF) focuses on reduced poverty, food 
and nutrition, enhanced natural resources systems and the inclusiveness of women and young people in development 
(CGIAR-CO 2015a). The Livestock Agri-food Systems CRP pre-proposal was well aligned with the SRF, however, 
more explicit prioritization of Window 1 (W1) and Window 2 (W2) budgets, enhancing coherence of the portfolio, 
and better integration with System-Level Outcomes was recommended by both the donors at the November Rome 
meeting and the Independent Science and Partnership Council of the CGIAR (ISPC) to allow systematic assessment 
of its potential value. Specifically, the proposal was encouraged to demonstrate that priority research opportunities 
had been selected on comparative advantage, new opportunities and expected impact. This report outlines the impact 
assessment process undertaken to meet these recommendations.
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Methods
A priority setting framework was developed and previously used in an impact assessment process across ILRI in 
1999 (Thornton et al. 2000; Randolph et al. 2001). It combines scoring methods and economic surplus benefit–cost 
approaches—in a composite weighted index. Criteria include expected economic impact, contribution to poverty 
alleviation, environmental impact, internationality of the problem and contribution to capacity building and research 
efficiency. To reflect more recent system-level priorities, an inclusiveness criterion has now been added. The 
calculated result for each criterion are weighted in the composite index which is used to rank research streams in the 
proposed CRP on livestock portfolio.
Ranking criteria
Expected economic impact. The expected economic impact is estimated using a cost–benefit approach 
underpinned by an economic surplus model. Economic benefits are the total net gains realized directly by farmers 
of R&D outcomes and indirectly by other participants in the value chain or the community at large. A clear 
understanding of the anticipated direct production system impact is essential. There are three aspects which need 
to be considered. These are the size of the gain to farmers within different agro-production systems, the number of 
farmers realizing the gain (relevance in target system and adoption), and the likelihood that R&D will be successful in 
delivering the anticipated impacts.
Contribution to poverty alleviation. The extent and severity of poverty in each system was used to calculate a 
severity of poverty index which combines an income measure adjusted for societal inequity. The calculation of these 
indices are outlined in Thornton et al. (2000). Results of the cost–benefit analysis (present value benefits) in each 
of the systems are related to poverty as economic benefits per poor person, economic benefits per poor person 
adjusted for severity of poverty, numbers of poor per USD of economic benefit and economic benefits per production 
system weighted by poverty severity. These calculations are used to assess the poverty impact dimensions of research 
streams. Research streams which are estimated to have large economic benefits falling in systems—with greater 
numbers of poor (and those with higher income inequality)—have highest poverty impact.
Environmental impact. Each research cluster was assessed for potential environmental impact, public health impact 
(zoonotic diseases) and its effect on genetic diversity of domestic plant and animal resources. Direct and indirect 
environmental impacts were considered. Direct impacts were scored for soil resources, water resources, greenhouse 
gas emissions, and non-domesticated biodiversity. Soil impacts include erosion (soil loss on site) and on soil fertility 
(organic matter and nutrients). Water resources impacts cover quality of water (levels of organic and inorganic 
nutrients, sediments, toxins) and available quantity of water. Scores are outlined in the Annex and are combined as an 
environmental aggregate rating.
Internationality of the problem and solution. Internationality was estimated using the Simpson Index of 
Diversity. This variable gives greater priority to research activities that raise producer and consumer welfare in several 
parts of the world. A research stream that generates relatively small economic gains but in several regions has a higher 
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internationality score than research that had a relatively large aggregate impact that is concentrated in one region 
(Thornton et al. 2000). The index is calculated for two formulations. The first being across World Bank regions, and 
the second across World Bank regions and livestock production systems defined by Sere and Steinfeld (1996).
Contribution to capacity development and research efficiency. The recent CGIAR Consortium Office 
(2015b) capacity development framework includes 10 elements and a minimum set of composite indicators, which 
reflect the SRF’s capacity development Intermediate Development Outcome (IDO) and four sub-IDOs. The degree 
to which clusters are anticipated to impact on enhanced institutional capacity of partner research organizations, 
enhanced individual capacity in partner research organizations through training and exchange, increased capacity 
for innovations in partner research organizations and increased capacity for innovation in partner development 
organizations and in poor and vulnerable communities were scored as low, medium or high. The results of the scoring 
are provided in the Annex.
Inclusiveness. Research streams were scored by their perceived contribution to youth employment and income, 
gender analysis to improve technology development and gender analysis to progress towards gender equity. If 
research activities and outputs have a direct focus on the sub-criteria, then impact is considered to be 'important' and 
given a value of two. If activities and outputs have an indirect focus on any of these four sub-criteria, then impact is 
considered to be 'incidental' and is given a value of one. Research having no impact was given a score of zero. These 
scores are also provided in the Annex.
Criteria weighting. Each of the five criteria outlined above (economic impact, poverty, environment, internationality 
and capacity development were assigned weights in the 1999 impact assessment approach by the Steering Committee, 
the focus groups, and ILRl's Board of Trustees (Thornton et al. 2000). The final baseline weights were 0.30 for the 
economic impact index, 0.25 for the poverty index, 0.20 for the environmental impact index, 0.15 for the capacity 
development index, and 0.10 for the internationality index. These weights are largely again used in this report when 
calculating the composite index value. As inclusiveness has been given prominence in the CGIAR SRF, it is included at 
a weight of 0.10 and all other weights from 1999 reduced proportionally.
The ISPC (2015b) noted that no robust list of priorities or method for prioritizing resources currently exists. A 
CGIAR donor online sub-IDO priority survey was launched during June–July 2015, however, only 19 of the 70 target 
respondents completed the survey (ISPC 2015b). Reduced poverty was nominated as the highest priority System-
Level Outcome (SLO). Increased productivity and increased incomes and employment were the highest rated IDOs, 
followed by climate change, capacity development and gender cross-cutting themes. These priorities reflect the 
weights elicited in the impact approach in 1999, plus the addition of inclusiveness in this evaluation of the proposed 
CRP. A sensitivity analysis is included in the final section of the report to gauge the resilience of composite index 
results to these assumptions.
Impact assessment process. An impact assessment consultant was engaged by ILRI in February and March 2016 
to update criteria and lead economic evaluation and scoring. Scoring and elicitation of economic impact parameters 
were conducted during the CRP planning workshop in Naivaisha in mid-February 2016 when the proposal was being 
consolidated. A semi-structured interview template was developed to facilitate estimation of key parameters, such 
as probability of research success or eventual adoption rates and productivity gains. Flagship and cross-cutting theme 
leaders provided estimates. They were reviewed during revisions of the impact assessment drafts by the M&E team.
Research streams
The proposed CRP portfolio had to be disaggregated into research streams that lead to product or practice delivery 
at scale in order to undertake impact assessment. These streams do not necessarily correspond to the organizational 
sub-component under the flagships termed ‘Clusters of Activities’. Clusters largely aligned with research phases in 
each flagship.1 Typically, the first cluster involves priority setting or discovery, the second proof-of-concept and the 
1 Except in Livestock, Livelihoods and Agri-food Systems
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final two clusters piloting and scale-up. The manner in which each of the flagships are split into streams is described 
for each of the flagships, beginning with animal genetic resources (AnGR).
Four streams are identified in this flagship. The first stream (AnGR1: AnGR prioritization and information base) is the 
current cluster one—which focuses on prioritization and generating a genetic information base. Research streams 
are identified for poultry, dairy and community-based ruminant breeding. They are denoted AnGR 2, 3 and 4 in the 
following table. Resources from clusters 2, 3 and 4 are attributed to each of these streams of work. The rationale for 
this approach is that without cluster 3 and 4 support, identification and proof-of-concept research in cluster 2 would 
have no adoption and, therefore, limited economic benefits.
Table 1: Animal Genetics flagship research streams
Research outcomes (RIDOs) Quantified benefits for impact assessment
Cluster 1: Assessment of systems and resources for development of strategies on animal genetic resources utilization
The body of knowledge about genetic diversity and systems will 
be enhanced, such as through the linking of physical samples from 
the ILRI biorepository. It is envisaged this information will be 
used in 20 research projects in 2019 and 35 in 2022.
AnGR1: AnGR prioritization and information base. Improved 
breeding program efficiency and targeting through the use of 
livestock system characterization and intervention analysis, 
enhanced repository of information on distribution, and 
assessment of genome diversity. The stream is estimated 
to improve the productivity gains in the poultry, dairy and 
small ruminant research undertaken in cluster 2 than would 
otherwise have been the case. It is estimated that productivity 
is improved by an additional 1%. 
Clusters 2, 3 and 4: Improved breeds of livestock, multiplication and delivery systems of improved genetics and 
policy and institutional support clusters
Research in these clusters will increase the genetic merit of 
existing populations through the introduction of new breed-
types, and their pilot testing and potential scale-out. Business 
models will be developed to increase adoption through improved 
multiplication and delivery of livestock genetics. Policies on 
animal genetic resource use, ownership, improvement and 
conservation, as well as supporting institutional arrangements 
will support sustainable adoption of improved genetics. Research 
will require follow-on costs after pilots and testing supported 
under core and bilateral funding ceases. National program costs 
are assumed to be substantial.
AnGR2. Poultry and pig improvement. The stream 
supports the distribution of brooded and pre-vaccinated 
chicks that are adapted to typical low-input systems in poor 
rural communities. Mixed farming system in Ethiopia, Tanzania, 
and Nigeria are the key target systems. Cluster 2, 3 and 4 
resources attributed to poultry genetics are included as 
resources for the economic evaluation and scoring.
AnGR3. African smallholder dairy productivity. 
The stream aims to identify and generate wider adoption 
of adapted dairy cow breed types—such as crossbreeds 
between indigenous and commercial exotic dairy breeds. The 
investment will help overcome the current lack of systems 
for production or multiplication of these breeds, limited 
farmer knowledge of how to optimally manage these cows 
and no systematic and sustainable breeding currently being 
undertaken. Smallholder dairy in East Africa is the key target 
system.
AnGR4. Small ruminant community breeding. 
Community-based breeding programs for small ruminants in 
low-input, communal grazing systems in Ethiopia will continue 
to be piloted. Mixed humid and arid systems in Africa are the 
key targets for improved sheep breeds.
The four clusters of the Animal Health flagship are interlinked and organized into four streams for economic 
evaluation and impact assessment. Cluster 1 ‘Evaluate animal health constraints and threats’ focuses on investigating 
disease burden and threats to help the targeting of research activities in clusters 2, 3, and 4. The economic analysis of 
this cluster assumes that productivity benefits generated by the other clusters are greater as a result of this targeting.
Cluster 2 ‘Improve herd health management’, includes research to improve drug use, developing tools to provide 
intervention packages for disease and reproductive health constraints, as well as the threat of drug resistance. Cluster 
4. ‘Develop delivery models to improve access to animal health services and products’ aims to improve access to 
animal health inputs developed under cluster 2. The adoption of an integrated approach to animal health is assumed 
to be significant due to the combined research in clusters 2 and 4. These two clusters are combined for economic 
evaluation. Cluster 3 involves the development of diagnostics and vaccines to improve animal health control. This 
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cluster is split into three research streams for evaluation. The first involves diagnostic development, the second—
improving the performance of existing vaccines, and the third—development of novel vaccines.
Table 2: Animal Health flagship research streams
Research outcomes (RIDOs) Quantified benefits for impact assessment
Evaluate animal health constraints and threats
Deploy methods and tools that can be used in 
developing countries to identify the extent and 
impact (on animal productivity and livelihoods) of 
animal health constraints. National research partners 
will be trained to use tools in priority locations. 
Results of risk assessment will influence research in 
clusters 2–4 and other flagships.
AH1. Animal health priority setting tools. By 2019, tools will be 
applied in four priority locations and inform research in clusters 2–4 and 
by 2022, the tools will be applied in settings outside the CRP priority 
locations. Their use will enhance the productivity impact of other research 
streams in the flagship.
Improve herd health management, including drug use, to optimize livestock productivity
Context-specific herd health management packages 
will be tested and adopted by farmers, extension 
and animal health workers in the following systems: 
Ethiopian small ruminant, dairy in East Africa/India 
and pigs in Uganda. Animal health/extension workers 
in selected priority locations will use the new 
tools for identifying the most critical herd health 
interventions to be made. 
AH2. Animal health service delivery and integrated approach. 
Research will be conducted on the priority value chains and systems to 
assess how productivity, reproduction and functional traits are influenced 
by health status and how different control mechanisms, such as biosecurity, 
drug use, vaccines etc., can be optimally deployed in different systems. 
Constraints to the delivery of animal health products and services will be 
assessed. Packages will be developed to address delivery constraints in 
order to reduce the impact of major diseases. Animal health will improve 
in priority sites as result of adoption of these packages. Cluster 2 and 4 
resources will contribute to this impact.
Develop diagnostics and vaccines to improve animal disease control programs
By 2019, vaccine candidates are taken up for 
safety and efficacy testing and CRP researchers 
are undertaking novel vaccine research adapted 
according to stop-go decision points. 
AH3. Animal health diagnostic tests. Tests developed for ruminant 
mycoplasmas and point of care tests for cysticercosis.
AH4. Enhanced existing vaccines. Product development of existing 
vaccines, e.g. scale up of a thermostabilized protocol for a peste des petits 
ruminants (PPR) vaccine, CBPP vaccine evaluation and backstop delivery of 
the live East Coast fever (ECF) vaccine.
AH5. Novel vaccine development. Longer-term research on new 
vaccines for the control of African swine fever, contagious bovine/caprine 
pleuropneumonia (CBPP/CCPP), and ECF.
Develop models to improve access to animal health services and products
Better understand the institutional constraints 
to the access of services and products, and to 
provide evidence through research to underpin 
the development of more efficient and gender-
responsive ways to deliver animal health products to 
end-users.
These resources are included in the above research streams to improve 
adoption. The proposal notes that by 2019, two value chain countries will 
have developed plans for integrated delivery and by 2022 at least four 
priority locations are implementing changes to improve animal health 
services delivery.
The Feeds and Forages flagship has four clusters. Cluster 1: Diagnosis of feed constraints and opportunities and 
decision support tools will prioritize and target feed and forage interventions. Cluster 2 will aim to develop new 
forage and feed cultivars. Cluster 3 will investigate feed sources, as well as exploring the use of technology to make 
biomass more available. Cluster 4: will support activities to delivery and increase the uptake of feed and forage 
technologies. Three research streams are identified for impact assessment.
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Table 3: Feeds and Forages flagship research streams
Research outcomes (RIDOs) Research streams and quantified benefits
Technology and knowledge platform: assessment and diagnosis of feed constraints and opportunities
Refined tools that incorporate gender and youth dimensions 
for assessing the role of feeds and forages and targeting feed 
interventions in priority location. Near infrared spectroscopy 
(NIRS) protocols, NIRS/MIR/pXRF equations for soil-plant analysis, 
and a platform of genomic and high-throughput phenotyping tools 
and technologies will be into breeding programs for selected 
forages. 
FF1. Feed tools and information base. The research 
will develop, adapt and extend tools to assess biological 
and socio-economic aspects of feed demand–supply 
scenarios, improve ration balancing, and enhance feed and 
forage substitution options. It will extend the phenotyping 
capabilities for comprehensive feed, forage and fodder 
quality traits using stationary and mobile NIRS hubs in 
Africa, Asia and Latin and Central America. It is assumed the 
research will increase the productivity of research impacts 
for clusters 2 and 3 in priority locations.
Development of new feed and forage options, and better use of existing and new feed resources
Superior Brachiaria, Megathyrsus, Pennisetum, and Opuntia (Cactus 
pear) planted forage cultivars made available to development 
partners and private sector. Improved feed and traits will be 
developed for maize, millet, pigeon pea and selected legumes in key 
cereal and legume crops.
FF2. Superior forage cultivars. Improved cultivars 
will increase feed and forage biomass availability in Latin 
America, South Asia, Africa and to a limited extent in South 
East Asia. Improved ‘full-purpose’ nutritional quality for 
South Asia and Africa. Full-purpose crop research will also 
result in improved by-products for feed use and approaches 
for rangeland improvement will be addressed. This stream 
includes cluster 2 resources for identification and cluster 4 
for scale-up.
Better utilization of existing and novel feed and forage resources, 
and clustered outputs linked to feed processing, feed surplus/deficit 
scenarios, ration balancing, and improved forage/feed conservation 
and preservation. Scalable drying and ensiling protocols for 
smallholders will be developed to conserve feeds and by-products, 
appropriate agronomic practices (including irrigated forage) will 
be developed to improve the productivity and nutritional quality 
of diverse grass, legume, tree and rangeland forage species and 
biomass processors/fermenters evaluated. 
FF3: Improved feeding strategies. Livestock 
producers will apply management strategies to conserve 
and rehabilitate rangelands while ensuring ongoing 
production to produce, preserve and store feed biomass. 
Livestock keepers in priority locations will use simple 
processing and supplementation options that reduce 
feed costs. This stream includes cluster 2 resources for 
identification and cluster 4 for scale-up.
Delivering feed, forage and fodder technologies
Increased uptake and impact of improved feeds and forages in diverse environments, with a particular focus on uptake and impact 
on women farmers. Forages will be integrated into the national varietal registration, basic seed production systems expanded, and 
formal and informal feed enterprises strengthened involving private and public sector partners. At least 50% of livestock keepers 
in at least three priority locations will use simple processing and supplementation options that reduce feed costs. Research costs 
from this cluster included in FF2 and FF3 to increase adoption.
The Livestock and Environment flagship is split into four research streams. Cluster 1 supports LE1—Systems analysis 
and learning. Much of this research will provide an environmental lens for other flagships. In cluster 2, the flagship 
will work in dairy systems and pastoral/agro-pastoral systems in priority locations in Ethiopia, Kenya, Burkina Faso, 
Tunisia, Nicaragua and Vietnam. The cluster is split into three streams for evaluation. The first, will support research 
designed to minimize GHG emissions in East African dairy, Nicaraguan cattle and Vietnamese pig production. LE3—
Includes cluster 2 and 3 research to improve water flow management. LE4—Improved NRM in rangeland systems 
provides management recommendations for rangeland systems of northern Kenya, Ethiopia, Burkina Faso, Nicaragua, 
and Tunisia that will enhance the longer-term productivity and reduce land degradation and biodiversity impacts 
of livestock production in these systems. The third cluster aims to develop and support improved institutions and 
other governance mechanisms for environmental solutions. Research will assist key policies being implemented in 
priority locations, which leads to more widespread and longer-term adoptions of environmental management options 
developed in cluster 2.
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Table 4: Livestock and the Environment flagship research streams
Research outcomes (RIDOs) Quantified benefits for impact assessment
Assessing the environmental sustainability and adaptability of livestock production technologies
By 2019, the CRP’s framework approach is widely adopted 
by extension systems, development partners and government 
agencies to identify win–win options. Quantification of 
environmental impacts guides selection of productivity 
enhancing options by research and development partners. 
By 2022, environmental concerns become a key issue for 
target users of flagship research outputs, including technology 
developers seeking to improve dairy, small ruminants and 
pig production. Targeted solutions are used by research and 
development partners to increase productivity in the face of 
on-going environmental changes.
LE1: Livestock and Environment systems analysis and targeting. 
Livestock production systems are analysed in its specific context, 
taking into account variations across regions, climate zones 
and cultures—identifying the most promising opportunities to 
increase livestock production in an environmentally sustainable 
way and help them adapt to future climate change. This stream 
improves the longer-term productivity benefits of the other 
streams in this flagship.
Optimize natural resource use and enhance the provision of ecosystem services
Research will enhance the body of knowledge about 
environmental management in target systems through 
quantification of environmental benefits. This will help in 
the selection and further development of management 
options by development and research partners. Results 
will be synthesized into management options for livestock 
production that will be piloted with local communities and 
stakeholders. By 2022 it is envisioned that government and 
development partners at local and national levels are capable 
of implementing environmental management options.
LE2: Reduced greenhouse gas emissions. Feeding and other 
farm practices to minimize GHG emissions in East African dairy, 
Nicaragua cattle and Vietnamese pig production, along with 
improving longer-term productivity, will be developed.
LE3: Enhanced water flow. Management practices will improve 
nutrient flow and sustain watershed management in East African 
dairy, Nicaragua cattle and Vietnamese pig production, along with 
improving longer-term productivity.
LE4: Improved NRM in rangeland systems. Technical solutions 
embedded in management recommendations for rangeland 
systems of northern Kenya, Ethiopia, Burkina Faso, Nicaragua, and 
Tunisia will be developed to enhance longer-term productivity 
and reduce land degradation and biodiversity impacts.
Develop and support improved institutions and other governance mechanisms for environmental solutions
Support will be provided to stakeholders in their efforts to develop and implement technical and institutional solutions to 
manage the interactions between livestock and their environment. Stakeholder’s policies and institutions will be developed and 
strengthened that can support strong environmental management of livestock production systems. The cluster will focus on the 
priority dimensions identified in cluster 2 being: land degradation, biodiversity, mitigation of GHG emissions, and sustainable use of 
water—but provide institutional support for taking options in this cluster to scale.
The Livestock Livelihoods and Agri-food Systems flagship has the aims of improving livelihoods in livestock dependent 
communities, contributing to increased availability of diverse nutrient-rich foods by enhanced availability and 
consumption of animal-source foods, improving gender analysis, contributing to reduced market barriers for livestock 
products, supporting increased livelihood opportunities through optimization of farming systems, and enhancing 
household capacity to cope with shocks. The research is integrated with other flagships. Each cluster is evaluated as a 
standalone stream.
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Table 5: Livestock Livelihoods and Agri-food Systems flagship outcomes and quantified benefits
Research outcomes (RIDOs) Research streams and quantified benefits
Foresight and system analysis tools
By 2019, analyses and learning for the livestock sector are 
used to guide international research in priority locations and 
national and international development partners apply new 
institutional approaches.
LRN1: Foresight and system analysis tools. Methods and 
datasets will be applied in priority settings and investments made 
to better take CGIAR livestock research to scale. Analyses and 
learning for the livestock sector are used to guide international 
research and development investments in priority locations. This 
is assumed to increase productivity of targeted livestock systems 
across the portfolio.
Gender analysis and social equity
Gender dimensions of livestock research will be better 
understood to enhance equitable opportunities for women 
and men participants in livestock communities. Decision and 
policymakers will adopt institutional frameworks that support 
gender and social equity.
LRN2: Gender analysis. Methods and datasets will be applied 
in priority setting. Decision makers’ awareness of gender 
dimensions will be improved to enhance equitable opportunities 
for women and men in livestock communities. Livestock-keeper 
communities will support and adopt gender equitable norms. 
More equitable asset allocation is assumed to generate indirect 
productivity benefits in target systems.
Enhanced nutrition through livestock
New options on nutrition-sensitive and cost-effective 
technologies will be identified, and institutional arrangements 
and behavioural approaches in animal-source food value 
chains tested by local partners in four value chains. 
LRN3: Enhanced nutrition through livestock. Increased 
availability of diverse nutrient-rich foods. Malnutrition has 
significant implications for cognitive development of children, 
thereby contributing to poor educational outcomes, as well as 
implications for labour productivity of adults. This streams aims 
for an increase in supply of animal-source foods. This will have 
longer-term productivity benefits.
Optimizing livestock systems for productivity and resilience
Livelihood systems will be analysed and understood in terms 
of the roles of livestock income and assets, productivity, 
resilience, nutrition, gender and social relations; and the 
livelihood and income opportunities and constraints to 
system optimization. Optimal herd management practices for 
pastoral systems developed and underpinned by acceptable 
trade-offs between improvements in productivity, economic 
considerations, environmental impacts and management 
options for adapting to climatic variability and climate risk.
LRN4: Optimizing livestock systems. Technologies, 
management strategies and institutional arrangements will be 
developed through livestock systems optimization tested by 
national and international research and development partners. 
This will lead to increases in whole farm productivity through 
improved crop tree livestock interactions in mixed systems and 
herd and grazing management in pastoral systems.
Enabling policies, markets and institutions
Institutional arrangements for inclusive market linkages 
that enhance value chain performance tested and are being 
used by national and international development partners, 
producers, private sector value chain actors and government 
agencies in priority locations.
LRN5: Enabling policies, markets and institutions. 
National and international development partners, private sector, 
value chain actors and government agencies apply innovative 
institutional arrangements to enhance competitiveness, 
inclusiveness and value added potential of animal-source food 
systems. This will enhance the efficiency of livestock markets and 
production systems.
Economic analysis assumptions
The size of the gain to typical farmers within different agro-production systems, the number of farmers realizing the 
gain (relevance in target system and adoption), and the likelihood that R&D will lead to a successful development 
impact drive the magnitude of economic benefits. Each of these elements is outlined in this section prior to 
assumptions for each research stream being presented.
Target production systems and relevance domain. The global livestock production system was disaggregated 
into the agro-climatic classification by Sere and Steinfeld (1996) for World Bank regions and typical benefits estimated 
for producers within each respective system. Livestock product volumes were estimated for each system using 
FAOStat data and ILRI spatial databases for 2012 (FAO 2016). An adoption ceiling is defined by specifying the extent 
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of the problem being addressed by the research stream (relevance domain) within each regional system and the 
maximum proportion of producers within that domain likely to adopt the end product or practice derived from each 
of the research streams. The extent of the problem within each production system is evaluated using benchmarks 
outlined in Thornton et al. (2000). They include the problem being described as widespread (83%), moderately 
present (67%), moderate (50%), limited–moderate (34%), limited (17%) or not present at all. Maximum adoption 
within each of the relevance domains is governed by demand factors, such as simplicity of the technology to be 
adopted, affordability and perceived need or usefulness by farmers. Supply factors include available infrastructure for 
delivery and presence of extension services. Thornton et al. (2000) rated maximum adoption as low (0–10% ceiling 
adoption), medium (10–20%), and high (25%) for each relevance domain. These benchmarks are again used in this 
impact assessment.
Productivity gains. Gains are estimated for an average animal in each system adopting the technology at scale. 
They are typically lower than those observed during on-station trials, as other constraints such as nutrition, herd 
health and stresses hinder the potential gains a technology may provide. Yield gaps have been estimated for Indian and 
Ethiopian livestock producers as part of the recent Bill & Melinda Gates Foundation supported LiveGAPS project. For 
example, improved feeding and promoting changes in the herd structure towards more crossbreeding was estimated 
to increase total Indian milk production by 60% in 15 years (Herrero et al. 2015) More conservative estimates of 
productivity gain are included in this impact assessment. They range from a very high productivity gain assumption of 
15–20% for genetic improvement of crossbred poultry in Africa and planted forages in Central America2 to indirect 
productivity gains of 0.1% where research is indirectly impacting productivity through priority setting or foresighting. 
Benchmarks from Thornton et al. (2000) are generally used in this impact assessment. They include a high productivity 
gain of 5% in a small target area, medium gain of 3% in well-defined target areas, low as a 1% direct productivity 
gains and low–low (0.1 %) indirect productivity gains in a large area where impacts are difficult to define. These 
productivity gains are diluted by adoption and probability of success; so expected gains are far less than those of the 
LiveGAPS project. Estimated portfolio returns in the impact assessment are, however, in line with plausible estimates 
of returns for CGIAR research outlined by Raitzer and Kelley (2008). These authors reviewed impacts from the 
suite of completed CGIAR economic impact studies until 2008. Comparison of their results with those in this impact 
assessment is discussed in the results section.
Research lag. The time lag between start of the R&D investment (2017) and farmer adoption of a technology is 
referred to as research lag. Longer-term lags include those associated with novel vaccine development, as a number 
of phases need to be undertaken before the product is available for commercial use. Current programs—such as 
small ruminant breeding—are currently underway and CRP resources will be used to further extend adoption of this 
breeding model. The research lag is relatively short in this case. Future benefits are discounted using a discount rate. 
Benefits captured earlier have a higher economic value than benefits projected at later years.
Adoption lag. The period between the end of the research lag and attainment of the adoption ceiling constitutes the 
adoption lag. Lags are specified for each research stream. Longer lags include breeding approaches in large ruminants, 
where the reproductive cycle of the animal governs the time before maximum adoption can be achieved. Comparative 
advantage of the CRP has been considered using depreciation rates. Benefits are reduced by differing rates per year, 
reflecting that technologies may have been delivered in the absence of CRP research. The year in which depreciation 
begins indicates the competitive lead time the CRP has over other potential developers of similar technology. Short 
lead times indicate private or other public agencies would have developed a similar product or practice in a relatively 
short timeframe (15 years) in the absence of CRP investment. Longer timeframes of 30–40 years indicate there are 
no other potential technology developers. Short leads include development of poultry genetic materials by the private 
sector, whereas high risk international public goods (IPGs) would not be supported by industry. The CRP has a long 
competitive lead time in such cases.
2 It is important to recognize that in the case of feeds and forages gains may be very strong on livestock products per area, in addition to gains per 
animal. Forage scientists estimate that livestock product output can be doubled-quadrupled through increased carrying capacity per ha, with very 
limited inputs.
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Probability of success. The estimation of economic benefits also includes assessment of the likelihood that an R&D 
investment will deliver anticipated impacts. For overall success, the discovery, proof-of-concept, pilot and scale up 
phases must deliver planned outcomes. If, for example, the probability of success for a research stream bridging three 
phases was 67% for each phase, then the overall probability of research stream success would be 30%. Projected 
benefits are weighted by this probability when calculating the expected benefits stream. Thornton et al (2000) 
estimate probabilities ranging from 17% (low) to 83% (high). A similar range is included in this impact assessment.
Economic model and pay-off. Food and Agriculture Organization (FAO) livestock product volume and price data 
are included in an economic surplus model. The model is based on that of Alston et al. (1995) for closed economies, 
as most livestock products are consumed in the regions of production. Demand and supply elasticities are specified for 
beef, milk, sheep meat, pork, chicken meat and eggs using Thornton et al. (2000) data. Total, producer and consumer 
surpluses are estimated for the productivity gain and other economic assumptions described above. Total economic 
surplus is projected and related to research stream costs to calculate a benefit–cost ratio. The benefit–cost ratio 
describes the number of USD or economic benefit for each USD of research investment. For example, a ratio of 8:1 
indicates for each USD of investment, USD 8 (current USD) of benefit are expected.
Research stream costs. The resources required to deliver research stream products and services at scale are 
measured using projected W1/2 resources and secured bilateral funds for each research stream. Follow-on financing 
for adaptive research, development of products customized to specific geographical areas, and other aspects of delivery 
borne by the public sector are estimated. They are described as being high (twice the estimated annual research costs), 
same (equal to annual research costs) or low (half of current research costs). Annual projections are made until the 
expected year of commercialization for products to be delivered by the private sector, and until maximum adoption for 
products and practices extended by government agencies and the international donor community.
Table 6: Research streams economic analysis assumptions
Animal Genetics flagship economic analysis assumptions
Target production systems and relevance Productivity benefit Adoption and lags Chance 
success
AnGR1: Genetics prioritization and information base
Improved breeding program efficiency 
and targeting through the use of livestock 
system characterization and intervention 
analysis in the poultry, dairy and small 
ruminant streams of research undertaken 
in cluster 2 than would otherwise 
have been the case. It is estimated that 
livestock productivity is improved. All 
systems being targeted for improved 
genotypes are assumed to benefit.
Improve productivity gains by 1% 
across target systems and species in 
cluster 2 and 3. 
Maximum adoption and lag 
assumptions are outlined in the next 
three evaluations for each species. 
34%
AnGR2. Poultry and pig improvement
Half of urban, other, mixed arid and 
humid rain fed and irrigated poultry 
and a similar proportion of pigs in the 
same systems in sub-Saharan Africa are 
assumed to be relevant domains. The 
research stream supports brooded and 
pre-vaccinated chicks that are adapted 
to typical low-input systems in poor 
rural communities. Similar pig genetic 
improvement is included, largely in 
Uganda.
Current indigenous types produce 
40 eggs /hen per year and need six 
months to achieve a market live-
weight of less than 1.5kg. Significant 
productivity improvement can be 
achieved, with local lines producing 
between 150 and 200 eggs/henper 
year and attaining 2.0kg live-weight at 
10–12 weeks of age under low-input 
production using locally available feed 
resources. A high productivity gain 
assumption of 20% is included in the 
economic evaluation.
A low maximum adoption (5% of 
pig and poultry relevance domain) 
was assumed. Sub-Saharan Africa 
mixed farmers were noted in the 
proposal as lacking an understanding 
of the potential of indigenous livestock 
genetic resources for productivity 
improvement; heterogeneity of livestock 
systems, and farm-scale limiting 
adoption. Research and adoption lags 
of 3 and 10 years are included. Fifteen 
years are included before research 
benefit depreciation. 
34%
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AnGR3. African smallholder dairy productivity
Dairy production in sub-Saharan Africa 
is the key domain for the research. A 
moderate (50%) proportion of mixed 
humid and arid systems (irrigated and 
rain fed), urban and other are assumed 
to be relevant.
The productivity gain is assumed to 
be high, (20%). The proposal noted 
that smallholder farmers with 
crossbred cows achieve higher milk 
yields (1400 kg/lactation) compared 
to local cows (400 kg/lactation). 
Productivity gains are driven 
by feed availability and disease 
prevalence.
The proposal states that farmers 
know that crossbreds between 
indigenous breeds and commercial 
exotic dairy breeds are preferred, but 
no systems currently exist for their 
production or multiplication. A low-
medium maximum adoption of 10% 
is assumed. Research and adoption 
lags of 6 and 15 years due to the 
generation time of large ruminants. 
Benefit deprecation starts in 2047. 
34%
AnGR4. Small ruminant community breeding
Community-based breeding programs 
in Ethiopia were set up in four locations 
representing different production 
systems and agro-ecologies. Moderate 
(50%) of humid and arid mixed small 
ruminant systems in sub-Saharan Africa, 
Middle East and North Africa were 
estimated to be relevant.
Early research in Ethiopia found 
live weights (three and six months’ 
weights) were heavier and gains 
(pre- and post-weaning weights) 
were faster (at least p<0.05) for the 
base year of the community trial in 
that country. Results have improved 
as the trial has progressed. A 
40% increase in overall off-take is 
targeted for health, nutrition and 
breeding improvement. A 15% 
improvement is assumed for genetic 
improvement.
Since 2009 Ethiopian community-
based sheep breeding programs are 
being implemented in three locations. 
System-wide adoption will be limited 
by the ability to scale up community 
programs. A low-maximum adoption 
target (5%) of the relevance domain 
is estimated. Research and adoption 
lags of 2 and 20 years are assumed. 
Adoption lag is long due to the time 
to expand participating communities.
34%
Animal Health flagship economic analysis assumptions
Target production systems and relevance Productivity benefit Adoption and lags Chance 
success
AH1. Animal health priority setting tools
Research will involve risk assessments and studies 
on risks of emerging diseases, including tick 
distribution and vector-borne diseases. It is assumed 
all systems being targeted by research in clusters 
2–4 will benefit from improved strategy and disease 
management priority setting.
It is assumed that the 
productivity benefits of 
research in these clusters 
will be improved by 0.1% as 
a result of the research.
The relevance domains, adoption, 
lags and year of depreciation are 
those for each of the development 
outcomes quantified for streams 
cross clusters 2–4. These 
assumptions are outlined in the 
next sections of the chapter. 
34%
AH2. Animal health service delivery and integrated approach
It is envisioned that small ruminant production in 
Ethiopia, dairy in East Africa and India, and pigs in 
Uganda will be the priority systems. Interventions 
will be combined and tested in site-specific herd 
health packages. It is assumed that demand for 
improved animal health practices are widespread 
in mixed humid and arid (rain fed and irrigated) 
livestock systems in pig, dairy and small ruminant 
production across sub-Saharan Africa. A moderate 
(50%) relevance domain for ruminants and for pigs 
is assumed. 
Packages of this nature 
are estimated to improve 
productivity by 3%. 
Integrated approaches 
consider productivity, 
reproduction, and functional 
traits, along with how 
different control mechanisms 
such as biosecurity, drug use, 
vaccines can be optimally 
deployed.
A low–medium maximum 
adoption assumption of 10% is 
used for all systems. Extension of 
information packages is labour 
intensive which curtails scope for 
system-wide adoption. A research 
lag of three years and adoption 
lag of 10 years are assumed. 
Benefits are depreciated from 
2033.
50%
AH3. Animal health diagnostic tests
CCPP is a cause of major economic losses to 
goat producers in Africa and Asia and is caused by 
the Mycoplasma genus, while CCPP afflicts cattle 
across a similar range. They mainly impact pastoral 
production systems. A moderate relevance of 50% is 
included for these systems across CRP sites. Porcine 
cysticercosis is found in urban and higher density 
systems. A relevance of 34% in mixed humid and 
urban systems is included.
The test is replacing already 
used diagnostics (e.g. ELISA) 
so the productivity gain is 
assumed to be low (1%).
The proposal notes that targeted 
tests maybe more difficult to 
make and are usually more 
expensive on a per sample basis. 
Tests are likely to be limited to 
government services, so a low-
medium maximum adoption rate 
of 10% is assumed. Research and 
adoption lags of 5 and 10 years 
are included.
50%
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AH4. Enhanced existing vaccines
East Coast fever or Theileriosis is primarily caused by 
the protozoan parasite Theileria parva and found in 11 
countries of eastern, central and southern Africa. Around 
30 million cattle are at risk from the disease. The disease 
is most important in small-scale intensive dairying and 
commercial cattle production systems where highly 
productive exotic breeds of cattle are raised. PPR can 
severely affect small ruminants in almost 70 countries in 
Africa, the Middle East and parts of Asia. A 34% relevance 
is included for ECF, while widespread relevance of 67% 
is included for Africa and South Asia for PPR. Limited 
relevance of 17% is included in Asia for China. CBPP 
afflicts cattle across a similar range. They mainly impact 
pastoral production systems. A moderate relevance of 
50% is included for these systems.
ECF, CBPP and PPR cause 
substantial productivity 
losses. The proposal 
notes that mortality rates 
vary according to breed, 
nutritional status, age class 
and whether the disease is 
endemically stable. Mortality 
can be as high as 80–100% 
in areas of endemic 
instability. Support and 
evaluation will improve the 
efficacy of existing vaccines. 
A low productivity gains of 
1% is assumed.
Live theileriosis vaccines have 
been commercialized but has 
not been widely adopted. Low 
adoption is thought to result 
from cold-chain requirements for 
live vaccine, substantial veterinary 
administration costs, potential for 
adverse animal reaction, strain 
specific immunity and possibility 
of introducing new ECF strains. 
PPR vaccines are used in Africa 
and Asia. CBPP vaccines are 
used in Africa. Low to medium 
adoption of 10% is assumed.
50%
AH5. Novel vaccines
Bovine and caprine mycoplasma diseases are 
widespread across Asia and Africa. ECF is found 
in 11 countries of eastern, central and southern 
Africa. Moderate-wide relevance is assumed for 
mycoplasma and African swine fever vaccines, while 
limited relevance is assumed for ECF across East and 
southern Africa.
Vaccines are routinely used 
in Africa for CBPP. A vaccine 
does not exist for African 
swine fever. ECF usage is 
limited due to cold chain 
needs for the current live 
product. Average productivity 
benefits of 5% are assumed 
for the newly developed 
vaccines.
Adoption is likely to be amongst 
commercial farmers and by 
public sector organizations. A 
low maximum adoption of 5% is 
assumed. Research lag includes 20 
years for proof-of concept, scale-
up and registration. An adoption 
lag of 10 years is included. A long 
competitive lead time is included.
17%
Feeds and forage flagships economic analysis assumptions
Target production systems and relevance Productivity benefit Adoption and lags Chance 
success
FF1. Feed R&D priority setting tools and information base
Feed research will be undertaken in value chain 
priority locations.
The research is assumed to 
improve the productivity of 
clusters 2 and 3 research by 0.1%.
These assumptions are estimated 
to be the same as those for 
clusters 2 and 3 streams being 
assisted by the research.
50%
FF2. Superior planted forage and full-purpose crop cultivars
There are planted forage and ‘full-purpose’ 
crop development objectives in this stream. 
Brachiaria grasses will be further developed for 
Central American conditions. Disease resistant 
Pennisetum will be selected for East Africa and 
Opuntia (Cactus pear) cultivars for rangelands 
in South Asia. ‘Full-purpose’ crop development 
includes millet and maize for South Asia and 
pigeon pea and beans for Africa and West Asia. 
It is assumed that 50% of mixed humid systems 
in the Americas are relevant for planted forages 
and a similar portion of mixed systems in South 
Asia and North Africa for full-purpose crops.
Brachiaria grasses in South 
and Central America have the 
potential to greatly increase 
carrying capacity in Latin America. 
Productivity increases of as high as 
300% were stated by the research 
team. Productivity increases of 
20% are included for this species 
and 3% productivity increases are 
included for the other planted 
forage and full-purpose crop 
development options.
A maximum adoption of 5% of 
relevant domains is included. 
Research and adoption lags of 
8 and 10 years are included. 
Follow-on financing is required 
to extend improved cultivars. 
34%
FF3: Improved feeding strategies
The improved feeding strategies cluster is 
dominated by the nitrogen fixation in East 
Africa and a rangeland project is included in 
cluster 4 which is accommodated in this stream. 
Moderate relevance in livestock only arid and 
humid systems for nitrogen fixation in Africa, 
and livestock only arid ruminant systems for 
rangeland feed development are included as 
domains for this stream (50%). Some adoption 
among small ruminant producers in South Asia 
and Mekong is also included using cluster 4 funds.
A 3% productivity gain is assumed. Limited awareness and use of 
livestock feed preservation 
practices further compound 
the situation, exacerbating the 
vulnerability of production to 
extreme weather events. A 
maximum adoption of 5% of 
relevant domains is included. 
Research and adoption lags of 
8 and 10 years are assumed.
50%
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Livestock and the environment flagship economic analysis assumptions
Target production systems and relevance Productivity benefit Adoption and lags Chance 
success
LE1. Environmental systems analysis and targeting
The proposal notes the cluster will cover 
livestock systems in priority locations in 
Ethiopia, Kenya, Tanzania, Burkina Faso, 
Nicaragua and Vietnam. Further analyses (with 
cluster 1 of the Transformation and Scaling 
flagship) will inform work in other locations, 
especially in North and southern Africa, and 
Central Asia.
The use of an environmental 
lens will enhance environmental 
impacts across all flagships, which 
is captured in scoring and in many 
cases will also improve longer-
term productivity. The indirect 
productivity assumptions of 0.1% 
across production systems targeted 
by the CRP sites is included.
The relevance and adoption 
assumptions are assumed 
to be the same as for the 
technologies which are being 
evaluated using environmental 
impact approaches.
34%
LE2. Reducing greenhouse gas emissions
Emissions management research will focus on 
livestock in smallholder systems and assess 
possible nutritional/management interventions 
which will reduce emissions. Intensive dairy 
and beef production systems in East Asia, 
Central America and Africa are the targets of 
this research program. The moderate (50%) 
relevance domain benchmark is included.
A 1% productivity gain is assumed 
to be associated with this research. 
A low probability of achieving on-
farm productivity gain is included, 
as much of the benefit from 
this stream is captured within 
environmental criteria. Incentives 
for farmers for adoption maybe 
limited if no feed efficiency gain can 
be attained.
Results and methodologies 
will be communicated in close 
cooperation with ILRI’s on-
going projects such as dairy 
value chains. A low maximum 
adoption of 5% is included. 
Research and adoption lags of 
5 and 10 years are included.
17%
LE3. Improved water use of livestock systems
Improved water use will investigate options for 
improving water and nutrient flows in priority 
sites. Vietnam, East Africa and Central America 
are a focus. Strategies will be developed to 
ensure sustainable water use at basin and 
landscape scale, in terms of water quality and 
quantity. Half of mixed humid (rain fed and 
irrigated) systems in these regions could benefit 
from improved water flow management.
A 1% productivity gain is assumed 
to be associated with this research.
Maximum adoption is limited. 
The proposal notes that 
potential solutions are highly 
context-specific and that 
careful evidence-based design 
and targeting of interventions 
is needed. A maximum 
adoption of 10% is included. 
Research and adoption lags of 
5 and 10 years are included.
34%
LE4. Rangeland management
The cluster will develop technical solutions for 
rangeland systems of northern Kenya, Ethiopia, 
Burkina Faso, Nicaragua and Tunisia—enhancing 
longer-term productivity and reducing land 
degradation and biodiversity impacts. Half of 
mixed and livestock only arid (rain fed and 
irrigated) systems in these regions could 
benefit from improved rangeland management. 
A 50% relevance assumptions is included.
Experience from Niger found 
restored tree cover increased 
crop and fodder production, 
with associated restoration of 
ecosystem processes. The project 
proposal notes there have been 
few objective quantitative studies 
of the benefits in terms of 
ecosystem services provided. A low 
productivity assumption of 1%.
Community-based NRM 
projects are context specific 
and adoption of results are 
more site-focused when 
compared to many product 
development research 
activities. A low expected 
maximum adoption of 5% 
of the relevance domain is 
assumed for all systems.
34%
Livestock Livelihoods and Agri-food Systems flagship economic analysis assumptions
Target production systems and relevance Productivity benefit Adoption and lags Chance 
success
LRN1: Foresight and system analysis tools
Identifying priority interventions are likely 
to have wide application across the target 
production systems. All systems covered in 
the CRP are assumed to be relevant, with 67% 
relevant domains for African and East Asian and 
Pacific systems.
Analyses and learning for the 
livestock sector will be used 
to guide international research 
partner priority research areas in 
priority locations.
It is assumed that productivity 
will be increased as a result of 
this type of research. A 0.1% 
gain assumed.
34%
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LRN2: Gender analysis
The regional focus of this flagship will be in 
sub-Saharan Africa, South and southeast Asia, 
and Central America. It will identify priority 
interventions are likely to have wide application 
across the target production systems. More 
than half of sub-Saharan Africa mixed systems 
and East Asian pig production systems are 
assumed to be relevant.
It will encourage livestock-keeper 
communities to support and 
adopt gender equitable norms, 
and decision and policymakers to 
adopt institutional frameworks 
that support gender equity. It is 
assumed that productivity will be 
increased as a result of this type 
of research. The Thornton et al. 
(2000) approach assumed a 0.1% 
productivity benefit.
Gender analysis will be 
integrated into tools and 
methodologies for priority 
setting, learning and assessing 
impact by developing gender-
sensitive indicators, and 
methodologies to assess 
progress on gender strategic 
change. It is assumed to be 
10% across all target systems.
34%
LRN3: Enhanced nutrition through livestock
The regional focus of this cluster will be in 
sub-Saharan Africa, Middle East and North 
Africa and Central Asia. Nutrition-sensitive and 
cost-effective livestock and animal-source-food-
related interventions, including food technology, 
and policy interventions have widespread 
relevance to mixed dairy and small ruminant 
producers in rain fed and irrigated areas 
conducting mixed and livestock only farming. 
Malnutrition has significant 
implications for cognitive 
development of children, thereby 
contributing to poor educational 
outcomes, as well as implications 
for labour productivity of adults. 
This is largely a stream where 
value is captured through public 
health scoring in the environmental 
criteria. Improvements in 
human health are best captured 
using metrics such as disability 
adjusted life years. A 0.1% indirect 
productivity benefit for policy 
research across large production 
systems is included using 
benchmarks, as some productivity 
benefit would be achieved through 
improved labour efficiency. 
A key outcome is that 
national and international 
development partners, 
government agencies and 
private sector are more 
aware of the role of animal-
source foods and other 
livestock-mediated pathway. 
A low maximum adoption of 
10% is assumed. A relatively 
high risk is included due to 
complicated impacts pathways 
involving numerous agencies. 
Research and adoption lags 
of 5 and 10 years included. 
Benefits are depreciated from 
2032 as a range of agencies 
are involved in nutrition 
research.
17%
LRN4: Optimizing livestock systems
Vietnam pig production, Ethiopia small 
ruminants, Kenya dairying and Uganda pig 
production are the key targets. Priority 
interventions are likely to have wide application 
across the target production systems. Animal 
health, forage and poor access to improved 
genetics are broad issues for priority 
production systems across Asia, Africa and 
Latin America. Half of mixed systems in humid 
rain fed and irrigated dairy in sub-Saharan 
Africa, 17% of mixed pig production in East Asia 
and the Pacific and half of sub-Saharan Africa; 
and small ruminant production in mixed and 
livestock only arid and humid systems of sub-
Saharan Africa and Middle East and North Africa 
are assumed to be relevant.
Technologies, management 
strategies and institutional 
arrangements developed through 
livestock systems optimization will 
be tested in priority locations. It is 
assumed whole farm productivity 
will be increased by 3% through 
improved crop tree livestock 
interactions in mixed systems and 
herd and grazing management in 
pastoral systems.
Improved management 
options and products are 
likely to be adopted by a 
limited proportion of the 
sector. Community-based 
breeding, new diagnostics, 
animal health packages, 
forages and enhanced 
management practices 
adoption is limited by the 
capacity of extension to 
diffuse results. It is assumed 
maximum adoption will be 5% 
across relevance domains of 
all target systems. Research 
and adoption lags of 5 and 10 
years are included.
50%
LRN5: Enabling policies, markets and institutions
A similar assumption of half of the above 
systems are relevant. Many of these areas suffer 
from animal-source food value chains that are 
underperforming and research could contribute 
to a policy environment favourable to their 
development are relevant areas. 
A 3% direct productivity gain is 
assumed.
The proposal notes the 
main beneficiaries will be 
poor smallholder livestock 
keepers and poor consumers 
who rely on local, often 
informal, markets for their 
food—many of whom are 
also producers. It is assumed 
maximum adoption will be 
10% across all target systems 
with similar lags as LRN4.
50%
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Results
Composite index
Streams are ranked according to the composite index in the Annex, with number one being the highest ranked and 
the others numbered in descending order. The dark shading indicates that the highlighted stream is ranked in the top 
third of the portfolio for each criterion. Results are also presented in the figure below, with the contribution of the 
various components to the composite index score indicated. Similar to the 1999 impact assessment results, a large 
proportion of streams had similar results. Nearly a third of the streams have composite index values between 0.3 and 
0.4.
It is evident that each of the flagships has at least one highly ranked stream. There is considerable variability in the 
relative contribution of each criterion to the composite index. High benefit–cost ratios are estimated for improved 
poultry and pigs, integrated herd health, enhancing existing vaccines, cultivar development, on-farm optimization and 
market linkages streams. The environmental cluster was ranked highly for environmental impacts on GHG emissions, 
water use and soil resources, whereas capacity development impacts were perceived to be most pronounced in 
optimization and markets and policies. Inclusiveness was scored highly in the gender stream, along with environmental 
and policy and optimization streams. The rationale underpinning each of these results and implications for portfolio 
design are discussed in the following sections relating to each criterion.
Figure 1: Composite index for 21 research streams.
 Source: Calculations of this study.
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Economic payoff
Given the high weighting of economic returns in the composite index, along with the use of economic results in the 
poverty index and internationality calculations, the benefit–cost ratio has a relatively large impact on calculated index 
values. Probabilities of success are of particular importance in economic return calculations. They were estimated 
for each stream using the benchmarks of the 1999 impact study and varied from a low probability of 17% to a high of 
50%. The risk profile and risk-free economic payoff of each stream are outlined in the following figure. It is evident 
that streams are spread across low to medium risk. Streams such as nutrition, novel vaccines and GHG emissions 
are deemed to be higher risk streams, whereas tools, improved cultivars, markets and policies, and development 
of an integrated herd health package are low-medium risk. The portfolio is relatively well structured for risk, with 
stream spread over three risk levels. More streams are categorized as having to low–medium or medium risk, when 
compared to higher risk. This suggests a conservative approach to managing risk. Less investment is devoted to higher 
risk upstream activities when compared to pilot and scale activities.
Higher return streams include development of existing vaccines, improved cultivars, poultry and pig genetic 
improvement, optimization, integrated herd health, and markets and policies. In the case of cultivar development and 
poultry and pig genetics, a large productivity increase is included in the evaluation. It is estimated that the introduction 
of crossbred chickens and sowing of improved cultivars would increase the productivity of average animals among 
adopting farms by 15–20%. There is a high degree of uncertainty surrounding these parameters as no published trial 
or survey analysis has been conducted at scale for planted forages to provide evidence for estimation. If a productivity 
gain of 5% for improved planted forage cultivars were included, the stream would fall out of the top third of stream 
rankings by the composite index. Clearly, there is a need to undertake research to gauge the magnitude of these farm 
productivity gains at scale.
Figure 2: Economic return and risk for 21 research streams.
Source: Calculations of this study.
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Planning and priority setting streams were typically assigned an indirect productivity gain of 0.1%. Research across 
flagships was estimated to be positively influenced by these activities, therefore, the impact was deemed to have a 
relatively broad footprint. This is reflected in adoption assumptions and in the internationality indices calculated for 
largely cluster 1 activities. The breadth of adoption positively offsets the lower productivity gain assumption, with 
most streams of this nature having middle of the range economic pay-offs.
Most research is deemed to have a lag of around six years before a product or practice is first used by farmers or 
other stakeholders. This is referred to as research lag, or the time between research commencing and benefits being 
first realized in the field through farmer adoption or policies being instituted. The development of novel vaccines is 
forecast to have the longest lag time. The lag is not compensated by widespread productivity impacts. Much of the 
research is targeting ECF. This disease has a very large impact on a relatively small number of cattle reared in East and 
southern Africa. The potential pay-off, when coupled with a low probability for success, is not as substantial as other 
streams in the portfolio.
Livestock genetics and genomics research was found to fall in the lower half of the rankings in the 1999 impact 
assessment. This was because genetics research was deemed to be longer-term—due to the long breeding cycles 
of ruminants and nature of genomics. Most of the streams in the CRP portfolio are more applied genetics research 
involving the introduction of crossbreeds. For example, poultry research involves the introduction of Indian crossbred 
strains into indigenous African breeds. Poultry have relatively quick generation times, therefore, research lags are 
shorter than those for large ruminant using genomics evaluated in 1999. Small ruminant community breeding is 
estimated to have a modest benefit–cost ratio as the stream is mainly targeting small ruminant production in pockets 
of Africa. The potential for widespread adoption is limited due to the need to involve communities, which is costly and 
time consuming.
The ISPC recommends that CRPs accommodate a range of stages of the research pipeline, ranging from discovery 
research, proof-of-concept, pilot, and upscaling innovations demonstrated to work.3 A healthy pipeline was defined as 
one delivering a steady stream of innovations in the short to medium term, and at the same time investing in upstream 
research that will be the basis for innovations in the long term. The Livestock and Fish evaluation found the CRP could 
also do more to explore delivery pathways—which might include connections with the private sector. Field testing 
and delivery was noted as being on a very small scale and published outputs had not yet emerged, or appeared to be 
in the pipeline (CGIAR-IEA 2016). The evaluation of Livestock and Fish noted that technology outputs of the CRP had 
been limited mainly because the key emphasis was on long-term research (e.g. development of new vaccines).
Flagships in the CRP proposal are typically structured with research to identify priorities and enhance tools, identify 
promising technologies through proof-of-concept and piloting, then take them to scale using cluster 3 resources. The 
proposed CRP has been developed with a more balanced portfolio of research, giving greater emphasis to research 
streams that result in product and practices addressing a wider range of productivity problems. The length of these 
product or practice development pipelines varies according to the technologies being developed. Development 
outcomes are staggered with flagship 5 streams delivering policy and farm productivity impacts in the shorter term, 
flagship 3 cultivars and feeding strategies are relatively short term, while Animal Health and Genetics have a range of 
medium to longer-term prospects. Novel vaccines are an example of a longer-term stream.
The overall portfolio forecast mean benefit–cost ratio is 10.6:1. This compares relatively well with reviews of the 
impacts of CGIAR research. Raitzer and Kelley (2008), for example, found a benefit–cost ratio range of 9–17 for 
project economic evaluations with sound designs. The ISPC highlights the need to manage the risks of running a 
pipeline dry to achieve short-term results at the expense of discovery science, or to over-invest in discovery science. 
This risk appears to be well addressed in proposed CRP investments. Higher and lower risk investments have been 
balanced to achieve a sound economic return (e.g. benefit–cost ratio).
The evaluation of Livestock and Fish recommended that the CRP be streamlined into areas of greatest potential 
impact on IDOs taking into account scientific capacity and based on very clear decision criteria (CGIAR-IEA 2016). 
3 Discovery (new concept of product), proof-of-concept (real world thousands), pilot (multi-location hundreds of thousands) and scale-up (millions).
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The evaluation recommends the need for a broad-based approach to donors and types of impacts, along with 
consideration being given to the overall balance of funds so critical mass of funds is provided to research streams 
giving them a reasonable chance of delivering a development outcome. Proposed resources are spread relatively 
evenly across themes in the portfolio. Animal Genetics and livelihoods account for around half of W1/2 and bilateral 
expenditures, followed by Animal Health and Feeds and Forages, then environment.
Each flagship has a stream which was ranked in the top third of all ranked streams in this impact assessment. No 
flagship seems to score dramatically less than others which suggests a sound thematic balance. Animal Genetics and 
Health have the largest shares of W1/2 resources. The development of cultivars for Latin America appears to be the 
largest W1/2 investment, while streams with the environmental flagship are at the lower end of stream investments. 
Flagships need to consider whether individual streams are funded to the degree to have development impact. This may 
entail further streamlining as the Livestock and Fish evaluation has suggested.
Poverty impact
The CGIAR SRF aims for 100 million more farm households to have adopted improved varieties, breeds or trees, 
with 30 million people (50% women) assisted to exit poverty. Geographic targeting is a large part of achieving this 
goal. Africa is earmarked for over 50% of investment, Asia around 30% of and poverty hotspots in Latin America 
about 20%. It is noted that many of the poor in these areas are predominately smallholder farmers, and that increased 
productivity may be an important pathway to poverty reduction if it leads to increased incomes. The impact 
framework captures these dimensions by relating estimated economic benefits on a regional basis to numbers of poor 
and the severity of poverty in target areas. Four indices were calculated in the 1999 impact study and are again used 
in the analysis of the proposed CRP. Results are outlined in the following figure and followed by a discussion of index 
calculation and implications for portfolio design.
Figure 3: Poverty indices for 21 research streams.
Source: Calculations of this study.
Poverty index A (POV A) is the estimated poverty severity indices calculated for each region weighted by maximum 
economic benefit calculated for each region. This index rewards research themes that focus their impact on regions 
and production systems with relatively more poverty. Poverty indices C and D also weight economic benefits by the 
severity of poverty, but do so considering the economic benefit per poor person in Index C (POV C) and number 
of poor people per USD of economic benefit in the case of Index D (POV D) (this indicator is used in composite 
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calculation). Poverty Index B (POV B) is the economic benefit generated per poor person in target production 
systems. It is estimated as the total expected economic benefit (in USD) from a research stream divided by the total 
number of poor present in the relevant regions and production systems.
Indices A, C and D are highest for Animal Genetics and the development of herd animal health packages. These 
streams focus directly on Africa where poverty severity is estimated to be most severe. Poverty severity is estimated 
to be 0.59 in sub-Saharan Africa, 0.38 in South Asia, 0.39 in East Asia and the Pacific and 0.22 in Latin America and the 
Latin America and Caribbean. Many of the livelihoods and environmental streams also include research in East Asia 
and the Pacific, therefore an overall lower poverty index is estimated. Economic benefits per poor person is highest 
for cultivar development. Relatively less numbers of poor reside in the Latin America target region. When the large 
economic benefits of cultivar development are related to these numbers of poor, Poverty Index B is estimated to have 
the highest value for this stream.
Calculation of poverty indices does not explicitly consider the notion of ‘by and for the poor’. The economic benefit 
calculations focus on valuing productivity benefits for producers. Although the economic model estimates consumer 
and producer surplus, the distribution of benefits by economic strata is not considered. Analysis of the distribution 
of productivity and efficiency benefits for various target value chains is required to determine who captures price and 
volume benefits, and the extent to which different groups may benefit from employment and more affordable animal-
source food (for the poor) (CGIAR-IEA 2016).
Despite the need for this analysis, broad brushed distribution of economic benefits by regions provides some 
indication of the potential for research streams to assist in poverty reduction. It is evident that most CRP investment 
is targeting Africa, with flagships such as Animal Genetics and animal herd health packaging having high relative 
proportions of resources targeting this region.
Environment
Figure 4: Environmental scores for 21 research streams.
Source: Calculations of this study.
Environmental research is integrated across the proposed portfolio. Environmental assessments will be conducted as 
part of cluster 1 activities of the Livestock and Environment Flagship to minimize the footprint of livestock production, 
along with promoting the beneficial impacts of livestock on the environment. Specialized streams of research under 
cluster 2 in this flagship will involve field research to provide context-specific solutions that minimize trade-offs 
between increasing productivity, enhancing ecosystem services, reducing environmental footprints, and adapting to 
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expected environmental change. Cluster 3 will undertake policy and institutional research to take solutions to scale. 
The aim of the CRP’s environmental lens is to minimize land, water and forest degradation, increase resilience of agro-
ecosystems and communities, and reduce net greenhouse gas.
Research within flagship clusters was rated as having a strong positive to strong negative impact on soil and water 
resources, greenhouse gases, biodiversity, ecosystem fragility, extensification and public health. Scores are summarized 
by research stream in the above figure and a scorecard matrix included in the Annex. Scores are attributed to 
research streams as an average of the clusters they bridge. The Animal Genetics flagship was perceived to have both 
positive and negative impacts on biodiversity. On one hand, it is a repository of diverse genetic information; but 
widespread adoption of specific breeds could lead to a loss of domestic biodiversity in the case of poultry. Improved 
animal productivity would reduce greenhouse emissions for each unit of livestock production, therefore, genetic gains 
scored positively on this criterion. Animal Health was considered to have public health benefits, and improved animal 
productivity would also reduce greenhouse gas emissions.
Feeds and Forages was scored as having water efficiency and greenhouse benefits. The evaluation of the Livestock and 
Fish CRP noted that breeding of Brachiaria for biological nitrification inhibition had made progress but will require 
several further well planned steps before it can contribute to greenhouse gas emission reductions at scale (CGIAR-
IEA 2016). Scale-up research planned in the proposed CRP should help progress delivery. A loss of biodiversity would 
be observed in the event improved cultivars gained large shares of areas planted to forages or full-purpose crops. 
The Livestock and the Environment flagship was scored positively across all clusters. Streams of work focussing on 
GHG emissions, water use and rangeland were differentially scored as strongly scored for each of these aspects of 
environmental impact.
Environmental assessments which are to be integrated across the CRP were considered to minimize the chances of 
strong negative impacts. Unlike the 1999 impact assessment, only a small number of streams received negative ratings 
due to the widespread use of environmental impact assessment. R&D priority setting and impact analysis was thought 
to have positive indirect impacts on ecosystems and extensification. The optimization stream was scored as having 
GHG emissions, water use and soil benefits, while the nutrition stream strong public health benefits.
Capacity development
Capacity development is considered across each of the flagship clusters and mapped back to research streams. The 
clusters within each flagship in many instances align with discovery, proof-of-concept and scale research phases. The 
CRP proposal development guidance notes that the focus of capacity development activities will vary across phases, 
with scientific exchange programs or academic programs at discovery and a greater involvement of farmers, non-
academic training for lab technicians and government officials at proof-of-concept and scaling phases. Each of the 
proposed flagship clusters were scored using low, medium and high rating for contribution of research to capacity 
development sub-IDOs in order to capture the varied intensity and focus of capacity development across the 
portfolio.
Results of the scoring are presented in the figure below for enhanced institutional capacity of partner research 
organizations, enhanced individual capacity in partner research organizations through training and exchange, 
increased capacity for innovations in partner research organizations, and increased capacity for innovation in partner 
development organizations and in poor and vulnerable communities. Where streams bridge clusters, the average score 
across relevant clusters is attributed to the research stream. The stream by cluster scorecard matrix is presented in 
the Annex.
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Figure 5: Capacity development scores for 21 research streams.
Source: Calculations of this study.
Scoring for overall capacity development (combining all four criteria) was particularly high for the Livestock 
Livelihoods Flagship. The flagship has a focus on innovation platforms, nutrition and gender, and scaling. The total 
scores for other flagships were similar, except for Feeds and Forages. The rationale for these scores require 
clarification and verification of actual capacity development activities in the flagships, especially where bilateral projects 
are said to contain a large proportion of the capacity development activity. Variation was evident across sub-IDO 
themes.
Animal Genetics has capacity development across each stream from characterization to delivery. Technical and 
management training will be provided to national institutes, along with collaboration with the BecA–ILRI Hub. The 
scoring of capacity development varies by cluster within the Animal Health flagship. Enhanced institutional capacity 
of partner research organizations was scored as medium for cluster 1, as training in priority setting and planning for 
animal disease control will be provided. Some training will also be provided to farmers in the assessment and impact 
of diseases. This was scored as medium impact for the sub-IDO—enhanced individual capacity in partner research 
organizations, but low for sub-IDO—increased capacity for innovation in partner development organizations. Cluster 
4 involves the improved delivery of services and training activities will be provided to development partners—
including farmers—to support this objective. Cluster 2, which involves herd health package development, includes 
R4D activities and the engagement of farmers and veterinarians. Cluster 3 capacity development activities involve MSc/
PhD fellowships and more advanced partnerships around the BecA–ILRI Hub/Africa Biosciences Challenge Fund.
Cluster 2 of the Livestock and the Environment flagship was scored highly for enhanced individual capacity in partner 
research organizations, while cluster 3 was scored highly for increased capacity for innovation in partner development 
organizations. An aim of cluster 2 is resolving some of the environmental issues that livestock creates, so the 
involvement of environmental managers, staff of national agencies and the global research community is central to 
capacity development. Feeds and Forages capacity development in clusters 1–2 was deemed to have a medium impact 
on enhanced individual capacity in partner research organizations due to the support for fellowships. Cluster 4 aims 
to improve scale-up and delivery through increased capacity for innovation in partner development organizations and 
scores highly for sub-IDO increased capacity for innovation in partner development organizations.
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Inclusiveness
Inclusion was considered by scoring whether clusters were deemed to have an important, incidental or no impact 
on youth employment and income, gender analysis to improve technology development, and gender analysis to 
enhance progress towards gender equity. The second criterion focuses on analysis that considers specific constraints 
that women and men face, helps the development of interventions that support gender equality and meet poverty 
reduction and productivity objectives. The third focuses on gender transformative approaches which assess how 
women are integrated into agricultural development. Specific research on gender and social equity is a cluster within 
the Livestock Livelihoods and Agri-food Systems flagship, while gender analysis has been integrated across all the 
flagships to varying degrees. Scores by research streams are outlined in the following figure. The complete scorecard 
by stream and cluster is presented in the Annex.
The Livestock Livelihoods and Agri-food Systems flagship has the highest overall score for inclusion. The gender 
cluster sits within the second of these flagships and many on-farm and scale up activities are pulled together amongst 
them. The Animal Genetics flagship will consider gender relations, dynamics and norms that affect species and breeds 
preferences that in turn affect the relevance of genetic improvement outputs and their adoption. The Livestock and 
Fish gender strategy noted that gender disparities also are evident in the types of livestock women and men own, with 
women more likely to own small livestock than large livestock. This flagship will assess species and breed preferences 
in relation to gender norms, and factor in gender dimensions to genetic improvement approaches and delivery 
mechanisms. Gender dimensions in animal health—such as preferences for vaccines and their utilization, impact of 
zoonosis on household health or access to veterinary services—will be considered in the Animal Health flagship. 
Inclusion is scored highly in the development of animal health packages. Feeds and Forages will consider gender 
dynamics in the choice of forage systems and crop and forage species preferences. These dimensions will be factored 
into assessments that inform feeding options. Research into the roles of women and youth on the environment is 
integrated across the environmental flagship.
Figure 6: Inclusiveness scores for 21 research streams.
Source: Calculations of this study.
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Internationality
Figure 7: Internationality scores for 21 research streams.
Source: Calculations of this study.
The CGIAR results framework emphasizes the need to deliver IPGs. These public goods cross nations and regions, 
and Ryan (2006) considers their impacts are maximized if expected outputs are relevant to as many countries as 
possible (CGIAR-IEA 2016). The 1999 impact approach uses the Simpson’s Index of Dispersion to quantify the degree 
calculated economic benefits are spread. Two indexes were calculated. The first, a regional index, estimates spread of 
economic benefits across World Bank regions. The second calculates spread across regions and livestock system (this 
indicator is used in composite calculation). The two indices are presented in the following figure for the 21 proposed 
research streams. Much of the research in Animal Genetics is African centred, therefore a zero regional index is 
estimated for most of the genetics streams. Regional spread is greatest for the integrating flagships.
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Sensitivity analysis
The overall values of composite indexes for each stream were presented in Figure 1, along with results for each 
criteria. They are ranked in the Appendix from 1 to 21. The stream with the highest score is assigned a rank of 1 
and the lowest a score of 21. As noted, nearly a third of the streams have composite index values between 0.3 and 
0.4 and there is also considerable uncertainty surrounding assumptions used in the assessment. The sensitivity of 
stream ranking when the inclusiveness criterion is excluded, economic pay-off having a lesser weighting of 20% in the 
composite index, and use of different poverty and internality formulations is presented in Figure 8.
Figure 8: Sensitivity of composite index ranking to key assumptions (1 highest, 21 lowest).
Source: Calculations of this study
The 1999 impact assessment did not include the criterion of inclusiveness. The removal of this criterion from base 
calculations in this updated assessment does not appear to have a large impact on research stream ranking. The 
criterion only has a weight of 10%, therefore minimal impact could be expected. Gender, nutrition, a number of 
environmental streams and feed strategy were scored highly for inclusiveness, therefore, the omission of the criterion 
results in these streams falling in ranking.
The internationality formulation used in base calculations is a Simpson’s index of dispersion across regions and 
production systems. If only regions were used in the formulation of the index, some of streams focusing on Africa 
would fall in the ranking. For example, the poultry genetic and novel vaccines. The overall impact of using regional or 
production system formulations does not appear to have a large impact on ranking.
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Poverty index D was used in the base case calculation and weighs economic benefits by the severity of poverty 
considering the number of poor people per USD of economic benefit. Poverty Index B, on the other hand, divides 
the total economic benefits in each region by the number of poor. Changing the poverty index from the type D to 
B formulation (i.e. no inclusion of poverty severity among the poor) has an impact on ranking. For streams such as 
animal genetics, which have a large focus on Africa—where poverty is severe—it reduces their ranking. On the other 
hand, improved cultivars, which are estimated to have large economic benefits in Latin America, improve in ranking. In 
this case large economic benefits are spread over a relatively small number of poor.
Economic pay-off had the largest contribution to overall composite score with a weight of 27% in this updated impact 
assessment. Reducing this weighting to 20% and increasing the other criterion weights proportionally does not have a 
large impact on ranking. In Figure 8 it is evident that changes in key individual assumptions did not substantially change 
ranking. Research streams in the top third of rankings appeared to maintain high ranking across the various sensitivity 
scenarios. This is because a large number of score and economic calculations underpin calculation of the overall 
score. A recent DFID review of methods to calculate the returns on investment suggests results are highly sensitive 
to a range of assumptions (DFID 2014), so the multi-criteria approach developed in 1999 and used in this update 
is appropriate. When using the multi-criteria approach economic returns comprise less than a third of the direct 
contribution to the composite score value, so it varies to a lesser degree to changes in productivity, adoption and 
success assumptions when compared to ranking on economic pay-off alone.
Figure 9: Mean benefit–cost ratio and range (95% CI)
Source: Calculations of this study
Assumptions were included as probability distributions and Monte Carle simulation undertaken to determine mean 
and the 96% confidence range for economic returns associated with each stream. The economic return is included 
as a benefit–cost ratio in the impact assessment framework, so a range of 3 to 5, for example, means that each USD 
of research investment has a 95% chance of returning between USD 3 to 5 of economic benefit. Parameters were 
included using triangular distributions using assumptions outlined in Thornton et al. (2000) and are included in Annex 
B. These results are presented in Figure 9. The mean for each stream is included in the Figure, along with the 95% 
confidence interval as a column range. The large size of the interval highlights the uncertainty of economic benefit 
results and supports the conclusions of the DFID (2014) study.
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As already noted, there is need to better define productivity, costs of product development outside of the CRP and 
adoption assumptions. Many of the highest ranked streams by benefit–cost ratio are, however, significantly superior 
to lower third ranked streams across a 95% confidence interval. For example, the animal health package, diagnostics, 
existing vaccines and improved cultivars steams dominate lower pay-off environmental and livelihoods streams in 
economic terms. Some of these streams do not have benefit–cost ratios that are significantly greater than 1. Other 
criteria in the composite index result in streams such as systems analysis and GHG emissions having relatively high 
overall rankings.
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Conclusions and future research
The proposed Livestock Agri-food Systems CRP has been quantitatively evaluated using scoring methods and 
economic surplus benefit–cost approaches. Research streams with higher expected economic impacts included 
poultry–pig genetics, existing vaccines, dairy genetics, on-farm optimization and improved cultivars. Each flagship 
has a stream that was highly ranked. This suggests trade-offs between the various economic, poverty alleviation, 
environmental impact, internationality, capacity building and inclusiveness dimensions of research investment 
impacts have been balanced in portfolio resource allocation. The short timeframe for the evaluation has not allowed 
a fully harmonized review of the parameter estimates. This will be undertaken in the future as part of on-going 
impact assessment activities. Notably, higher productivity assumptions for animal genetic improvement and cultivar 
development were included than the benchmarks used in the 1999 impact assessment (Thornton et al. 1999). 
Although they are lower than those being simulated for yield gap estimation in the LiveGap Project (Herraro et al. 
2015) they are subject to uncertainty. The basic robustness of the results is most sensitive to assumptions about 
the probability of research and development impact success. Similar success estimates have been employed in the 
evaluation of the proposed CRP to those in the previous impact assessment. Despite this uncertainty, many of the 
highest ranked streams in economic terms are superior to those in the lower third of the portfolio.
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Table 9: Inclusiveness scorecard. Important score shaded dark blue
Flagship 
clusters in 
stream
Research stream Youth employment and 
income 
Gender analysis to improve 
technology development
Gender analysis to progress 
towards gender equity 
 Scoring by stream x 
cluster 1 2 3 4 5 Av 1 2 3 4 5 Av 1 2 3 4 5 Av
Animal Genetics                   
1 Genetics priority - - 2 2.0 1 1.0
2,3,4
Improve poultry and 
pig 1 1 1.0 2 2 2 2.0 - 1 1 0.7
2,3,4 African dairy genetics 1 1 1.0 2 2 2 2.0 - 1 1 0.7
2,3,4 Small ruminant community breed 1 1 1.0 2 2 2 2.0 - 1 1 0.7
Animal Health
1 Animal Health priority 
tools 1 1.0 2 2.0 1 1.0
2.4 Health package 1 1 1.0 2 2 2.0 1 1 1.0
3,4 Diagnostics - 1 0.5 - 2 1.0 - 1 0.5
3,4 Exist vaccines - 1 0.5 - 2 1.0 - 1 0.5
3,4 Novel vaccine - 1 0.5 - 2 1.0 - 1 0.5
Feeds and Forages
1 Feed priority tools 1 1.0 2 2.0 1 1.0
2,4 Improve cultivars - 1 0.5 - 2 1.0 - 1 0.5
3,4 Feed strategy - 1 0.5 - 1 0.5 1 1 1.0
Livestock and the Environment 
1 Systems analysis 1 1.0 2 2.0 1 1.0
2,3 GHG emissions 1 1 1.0 2 2 2.0 2 2 2.0
2,3 Water use 1 1 1.0 2 2 2.0 2 2 2.0
2,3 NRM management 1 1 1.0 2 2 2.0 2 2 2.0
Livestock Livelihoods and Agri-food 
Systems
1 R&D priority setting - - 2 2.0 1 1.0
2 Gender 2 2.0 2 2.0 2 2.0
3 Nutrition - - 2 2.0 2 2.0
4 Optimization 2 2.0 2 2.0 1 1.0
5 Markets and policies 2 2.0 2 2.0 1 1.0
Portfolio median 1.0 2.0 1.0
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Table 10: Environmental scorecard (-2 to 2 strong negative to strong positive).
Flagship 
clusters in 
stream
 
 Research stream Water resources Greenhouse gases Soil resources
Scoring by stream 
X cluster 1 2 3 4 5 Av 1 2 3 4 5 Av 1 2 3 4 5 Av
Animal Genetics                   
1 Genetics priority - - - - - -
2,3,4
Improve poultry 
and pig - - - - 1 1 1 1.0 - - - -
2,3,4
African dairy 
genetics - - - - 1 1 1 1.0 - - - -
2,3,4
Small ruminant 
community breed - - - 1 1 1 1.0 - - - -
Animal Health
1
Animal Health 
priority tools - - 1 1.0 - -
2.4 Health package - - - 1 1 1.0 - - -
3,4 Diagnostics - - - 1 1 1.0 - - -
3,4 Exist vaccines - - - 1 1 1.0 - - -
3,4 Novel vaccine - - - 1 1 1.0 - - -
Feeds and Forages
1 Feed priority tools - - - - - -
2,4 Improve cultivars 1 1 1.0 1 1 1.0 2 2 2.0
3,4 Feed strategy 1 1 1.0 1 1 1.0 1 1 1.0
Livestock and the Environment 
1 Systems analysis 1 1.0 1 1.0 -
2,3 GHG emissions - - - 2 2 2.0 - - -
2,3 Water use 2 2 2.0 - - - - - -
2,3 NRM management - - - - - - 2 2 2.0
Livestock Livelihoods and Agri-
food Systems
1 R&D priority setting - - - - - -
2 Gender - - - - - -
3 Nutrition - - - - - -
4 Optimization 1 1.0 1 1.0 1 1.0
5 Markets and policies - - - - - -
- 1.0  
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Annex B: Parameters used in the economic evaluation
Table 11: Productivity benchmarks (triangular distribution).
Productivity Minimum Expected Maximum
HIHIHI 15.0% 20.0% 25.0%
HIHI 10.0% 15.0% 20.0%
HI 4.0% 5.0% 6.0%
MED 2.0% 3.0% 4.0%
LO 0.0% 1.0% 2.0%
LOLO 0.0% 0.1% 0.2%
Table 12: Relevance benchmarks (triangular distribution).
Relevance Minimum Expected Maximum
WI 67% 83% 100%
MOD-WI 50% 67% 84%
MOD 34% 50% 66%
LT-MOD 17% 34% 50%
LT 0% 17% 33%
Table 13: Adoption benchmarks (triangular distribution).
Adoption Minimum Expected Maximum
HI 20% 25% 30%
MED-HI 15% 20% 25%
MED 10% 15% 20%
LO-MED 5% 10% 15%
LO 0% 5% 10%
Table 14: Probability benchmarks (triangular distribution).
Probability of outcome Minimum Expected Maximum
HI 67% 83% 100%
MED-HI 50% 67% 84%
MED 34% 50% 66%
LO-MED 17% 34% 50%
LO 0% 17% 33%
Table 15: Follow-on financing benchmarks (triangular distribution).
Multiple of Budget Minimum Expected Maximum
HI 150% 200% 250%
SAME 75% 100% 125%
LOW 25% 50% 75%
NONE 0% 0% 0%
HI 150% 200% 250%
CGIAR is a global agricultural research partnership for a food-secure future. Its research is 
carried out by 15 research centres in collaboration with hundreds of partner organizations. 
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